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-1- PROCESS FOR ASSEMBLI NG ELECTRONI CS

USI NG M CROMVE | RRADI ATI ON - Field of the Invention
The present invention relates to a process for assenbling el ectronics,
and nore partiaHhﬁ%béﬁto a process for assenbling 6|eCtr°ﬂﬁﬁﬁsmnuuo
facilitated by the use of mcrowave irradiation.

Background of the Invention \ssenbl i ng el ectronics often
conpri ses nmounting various el ectronic conponents (e.g.,

transi stors, capacitors, resistors, sem -conductor 10 conponents, etc.) on
an électronic substrate (e.g., a rigid or flexible circuit board).
O'ten, these subst r at es PRECESS) FOR ASSEMBDING ELECTRONIMSccted to

ot her conponents and devi ces. FUSINGrMICROWANE; IRRADIATIONadi ti onal nounting
met hoas utilizing | ead-based 15 sol der have becone | ess desirable.

I ncreasi ngly conmon now are the yse of conductive polyneric adhesives
to mount el ectronic conponentéﬂ%¥£%9§+5§$+gﬁﬂ§¥¥ trates, and
non;cdnductive pol ymeric aditksi pessdnt dawveattion relatesuss eoprocesks and
devices. 20 for asEQmﬁgﬂﬁéaéleéH}dHTE%negnﬁoﬂgygté&f%fﬂ#f%%ﬂyetbsa
process for assembling electronics facilitated by the
5 use of microwave irradiation.

Backaround of the Invention
Assembling electronics often comprises
mounting various electronic components {e.g.,
transistors, capacitors, resistors, semi-conductor

10 components, etc.) on an electronic substrate (e.g., a
rigid or flexible circuit board). Often, these
substrates are, in turn, mounted on or connected to
other components and devices. For various reasons,
traditional mounting methods utilizing lead-based

15 solder have become less desirable. Increasingly common
now are the use of conductive polymeric adhesives to
mount electronic components onto electronic substrates,
and non-conductive polymeric adhesives to connect
various components and devices.

20 In general, an uncured conductive adhesive is
applied to an electronic substrate so that, when placed
within the adhesive, the electronic component is
connected to the underlying circuitry. After the
electronic component is placed in the adhesive, the

25 adhesive is cured to securely connect the component to
the substrate. Similarly, an uncured non-conductive
adhesive may be applied to a microelectronic substrate,

{ the substrate placed on another component or device,
and the adhesive cured to securely connect the

30 substrate to the cowmponent.

Various methods of curing polymers are known.
These methods typically comprise the application of



appl-ied to an electronic substrate so that, when pl aced wi thin the

adhesi ve, the el ectronic conponent is connected to the underlying
circuitry. After the el ectroni c conponent is placed in the adhesive,
the 25 adhesive is cured to securely connect the conponent to t he
Substrate. Sim|larl uncur ed non-conductive adhesi ve %ﬂggnﬁwgnied
to a nlcroeled?PHﬂ@%néubstrate the substrate placed on anot

conmponent or devi ce, and the adhesive cured to securely connect the 30
substrate to the conponent. V&i ous met hods of curing

polymers are knoWjear py T06RSedEIdIAIS cbbBheghly. C%ggaﬁggg%g%gp%ﬁ@tlon of |

- 2- heat by E3RFERLFBhFOMRRIGHLFuEES EHFSERLIRAS ISP dAmAge from
el ectrical conponeméeaaeé semspeEtures .t oCdasegeentlyn greag| eazeecdust _
tenperatures. ggqﬂgﬂéﬁyduﬂﬁ‘ttkﬁaEﬁrﬂét proced® takfRiduahREgih Cur ' ng

process to avoid el ectrical co onent, the §Ubﬁt£
both from Phet Epﬁﬂéﬁbﬁ%%ﬂ CRUECReBhal FY TRteEr e PEnPot E?@ctrlcal
conponent s may bethétapbmﬂedQuﬁnsubaﬁdatéonallysomnqoﬂmﬂﬁerbnﬁay be nore

susceptible to el eyat LUr St ggﬁ It may
be 10 difficult aff eggﬁéﬁ%}ﬁéggP%L g ﬁage ?E% r€§1€§= agﬁBEPEQFectronlc
substrate without serpoofnghidie may b@umrﬁgsusceaﬁ%lq &osgrevREede| evat ed
Lerrpglr atures, as Wehperatur&8GEHISE cEABR ¢ ONPARERéEmdde 2 isUREYT BEE may not
e able

10 difficult and expensive to heat a selected area of an
electronic substrate without exposing the surrounding
area to somewhat elevated temperatures, as well.
Because some components on a substrate may not be able
to withstand temperatures above a certain level, the

15 processing time required to cure is often dictated by
the component having the lowest temperature threshold.
Unfortunately, lower curing temperatures typically
result in significantly longer curing times.

Another disadvantage associated with

20 conventional heating techniques is the possibility of
damage resulting from the effects of thermal expansion
and cooling. It is known that all materials expand or
contract with a change of temperature. Thus, heating a
material causes it to expand, while lowering its

25 temperature causes it to contract. When two materials
having different coefficients of thermal expansion are
joined together via an adhesive resin, the two
materials will expand at different rates during the
application of heat to cure the resin. The two

30 materials will also contract at different rates during
cooling. The result is a build-up of stresses at the
interface area between the two materials and the resin.
An electronic component, which may be comprised of
different materials, is especially susceptible to

35 excessive stresses during heating and cooling, which
may résult in the failure of the component, or the
physical separation of the component materials. Damage



to withstand tenperatures above a certain level, the 15 processing tine
required to cure is often dictated by t he conponent havi ng the | owest
tenperature threshol d. Unfortunately, |ower curing tenperatures
typically result in significantly |onger curing tines.

Anot her di sadvant a;‘(,:;ze associ ated with 20 conventional heati ngﬁ&ﬁg{nq%s IS
the possi bili (WO8M2725 danage resulting fromthe effects of

expansi on and cooling. It is known that all materials expand or
contract with a change of tenperature. Thus3-heating a mat eri al causes

it to expand, whi I e l.ower.i ur e cau Lt.to_contract. Wen
two materials %gqﬁ@pgﬁgaﬁ%ggﬁ?&ﬁ%ﬁt of "Fﬁ ﬁé} fe®pansion are
j oi ned toget her ve@@me@(ﬁmé-lone’ hestangt hitmesuand elﬂﬁrﬁéﬂﬂal s will expand at

different rates Odugd ?@r&tjﬂﬂces application of heat to cure the resin. The
two 30 materials will al soYc ntra

rates duri . cool i ng.
The result is a build-up of P@ggégrafh?ﬂ% ntagff’gég{;g?g'&l%t ween t he
two material s fincctnireentsizinal heatAngemethodsiis cﬁhepmenticamt husing be

conprised of - £ofi&d ey TR @hbabrihg H@%@é‘é@' ! xseéaﬁssphab}e to 35
excessive stresses durin l_ﬁ;;lheatl n and co result in the

failure of the co g compenent s axd; & égxg&flﬁaFFSnsga}hjenc%’rﬁfonent

mat eri al s. Danageand lightwéﬂ@hﬁ?/&ﬁ?2ﬁg air often times makes it
PCT/US96/ 11040  gifg4 ult to maintain proper ali¥nment dUBYn§ec®diddcularly
acute when the materi a TE
10 Focuse and defocused infrared (IR) heating techniques

have been used to avoid the necessity of forced air.

Unfortunately, each of these IR techniques heat both

the component and the substrate on which the component

is being mounted. As a result, a build-up of stresses

15 may occur at the interface area between materials
having different coefficients of thermal expansion.

The general use of microwave irradiation in
combination with a curing agent is known. For example,
U.S. patent No. 5,317,045 to Clark, Jr. et al. relates

20 to a method of curing a polymeric material using
microwave irradiation. The application of microwave
irradiation decreases the time required to cure some
polymers as compared with conventional heating methods.
This is because the volumetric deposition of microwave

25 irradiation is more efficient than conduction from the
surface resulting from conventional heating techniques.
See, for example, Polymer Curing In A Variable
Frequency Microwave Oven, R.J. Lauf et al., Oak Ridge
National Laboratory. See also, U.S. Patent No.

30 5,296,271 to Swirbel et al., which proposes a method of
curing photoreactive polymers by exposing them to
microwave irradiation. Additionally, microwave
processing is more economically attractive than
conventional heating techniques due to the shorter

35 processing time required to cure the resin.

The use of microwave irradiation to cure
polymers, however, is not without limitations.



exposed to long heating tines and el evat ed t enper at ur es.

Yet anot her di sadvantage associated with 5 conventional heating nethods is
the practice of using forced air in the curing process. Because many
el ectroni c conponents and substrates are small in size and |ightweight,
nmoving air often tines makes it difficult to maintain pr nt
during curing. WO@M?8used and defocused infrared (IR heatlﬁggﬁgﬁhhﬁgﬂgs
have been used to avoid the necessity of forced air. Unfortunately,
each of these IR techni ques heat both e conponent and the substrate

on whi ch the Conpggggént%y ARG FRUALEEye AbrddiGililh paoBubbdsup Of

stresses 15 nmm face area between matefrials havi ng
di f ferent coefflcFEHP§a%$Yt#E&¥ﬁ%e'@xE&ﬁ?poﬁrequencY' such as 273 GR%er al

use of nicrowave tbradratpslyndrs. Undolinastely widualdtyucongrajjeandi s

known. For exanpl ﬁa—,ﬁs dré#lsab:ﬁ% ?%:tjgglleﬁ’ts?’ﬂig %:ﬁe?; gﬁ:re!ﬁ fi‘équgﬁcgl

relates 20 to a curin mat er | g rowave
i rradi ation. The upprpway¢cﬁrnﬁdmﬁuaqgwaﬁeused ??rﬂﬁHQ%ﬁsoﬁua éPdfses the

time required to GUERPSOEE: (worldPiNER! §sa§ehOINHIAG, ised Bepuent t@nal
heati ng met hods %

) his is because the_vol u tr|c m crowave
25 irradiation i&%® ﬁﬁ?et%f?fi:é;ﬁéﬁﬁﬁgﬁcggﬁﬁﬁ%? ﬁ%ﬂﬁ%o onnengﬁr %
resul ting from cosubatravres Suhaaqq;dtéehmnqne@ave progessing) . exinpess
Pol ymer Curing Ineécﬂaéﬁséé Suent WorRpd eeéthlsémaathea, iB prateafiet

., QGak dg S
g 296, 271tho e rﬁb‘gaé?ng 11L>(/\/?ﬁq’c%t %F‘ép8§§§n§a%e‘?’h6‘é‘§ o sugéﬁ??ﬁbgﬁy
phot oreacti ve pol gher say kogrisiory wilthint the migrowaywafurpacadast tom.

Addi tional |y, m CEQYRYEworkpi¥REeTHeNEing PRESL AL A Nichdkl, Yadt kedttaye than
conventi onal heatlﬁg tec |qu%§1:ue to the orter

roce
required to cure £ e cure, Eﬁﬁgﬁiii g 30?3?%d$§tlon
to cure pol ynehe, lhbm namriFor gihggrlbutmqrmqfoﬁg._ectromagnetlc

15 energy inside microwave furnaces powered with fixed

frequency microwave signals. Additionally, a
particular fixed frequency may properly cure the
adhesive being used to secure a component to a
substrate, but the frequency may cause damage to the

20 component being secured to the substrate, to another
component on the substrate, or to another portion of
the substrate as a result of localized heating or
arcing.

Thus it would be desirable to provide a

25 process for assembling electronic components which
reduces the time required to cure various adhesives;
allows selective curing of adhesives; allows rapid
batch processing without a reduction in gquality from
workpiece to workpiece; reduces thermal stresses at the

30 interface of different materials; and does not harm the
electronic components or substrates.

Summary of the Invention
To this end, the present invention provides
systems and methods for assembling electronics which
35 allows for rapid, selective resin curing, and avoids
subjecting the components to potentially damaging cure
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-4- Presently avail able m crowave irradiati on processes typically
utilize a fixed frequency, such as 2.45 GHz, to cure pol yners.
Unfortunately, quality control and other reliability problems arise
when fixed fre ueng% 5 mcrowave irradiation is used to process nul%ﬂple
wor kpi eces (wo BSi s generically used herein to r ef er PETSUSHPIL

el ectroni c/ m croel ectroni ¢ conponents and substrates subjected to

m crowave processing). Unless each sub§@ﬁuent wor kpi ece to be

padiated s ol aGhaky s Uk Al ol e SERdH |0 BRI

| substantial ly ) sane [ocair on w Crowave
first workpiece, tif¥entaeny cyuneerpd cf%ﬁé,seral@lmwlegctron%e qual ity of
the cure, will typiompbhynvar yales ausrmdlas "suirf@cé AL tt RORBA bEHH M

di stri,bution of eI : %ggg%%%%% enefrl id%%[énl%rﬁﬁn avfltljl%naces power ed

with fixed r e I ona parti cul ar
fixed frequenc? BFBﬁ%rPWOEQWQ¥Qﬂu§° a Suhﬁé@¢®%<b@ﬂﬁgau§edsto secure a

component to a  eledbsbhdd eeoxhwnéﬁte frﬁo@gueﬁgytm@mc@tsmé@@sﬁléo the 20
conponent being secured to the su t 0_anot

th
substrate, or to SABPREFHoYR g o?utb %ra%:ﬁelgu%%?tﬂﬁte"n% r§9'n2§8}‘t btfc')l'r‘] ©
| ocal i zed heatingtde firstreyuraple resin; and sulfjeeting whel dipetdesirabl e

to provide a 25 prcqcfaﬁef@ésﬁsmlms@ ﬁ@h&@@l&f %ra%%%s whi ch
reduces the ti U|red to cure var|0u§ adp ﬁﬁ_ Iogﬁ sel ecti ve
1Y8s cura e res:n.n e erm

curing of adh |v5 qﬁ??%ﬂ% rpipre the

"window" is used hereinafter to refer to a range of
microwave frequencies bounded on one end by a specific
frequency and bounded on the opposite end by a
different specific freguency. For example, a window
15 would comprise all the microwave frequencies bounded by
and including 2.20 GHz and 3.30 GHz. The first curable
regin may be subjected to the microwave frequencies
contained within the first window either simultaneously
or sequentially. At least one portion of the substrate
20 may be shielded from the first window of microwave
frequencies to prevent damage to the substrate. The
first curable resin may be a thermosetting resin (e.g.,
an epoxy) or a thermoplastic resin.
Optionally, a second curable resin having
25 adhesive properties may be applied to the substrate,
and a second electronic component may be mounted on the
substrate in contacting relation with the second
curable resin. The steps of applying the first and
second curable resins and mounting the first and second
30 electronic components may occur simultaneously. The
second curable resin may be exposed to a second window
of microwave frequencies to cure the second curable
resin. The second curable resin may be subjected to
the microwave frequencies of the second window, either
* 35 simultaneously or sequentially. The first and second
windows of microwave frequencies may be the same. At
least one portion of the substrate may be shielded from



bat ch processing without a reduction in quality from wor kpi ece to
wor kpi ece; reduces thermal stresses at the 30 interface of different

mat eri als; and does not harmthe el ectroni c conponents or substrates.
Summary of the Invention To this end, the present invention
provi des systens and net hods for assenbling el ectronics which 35 all ows
for rapid, sel WQ9Me™Sesin curing, and avoi ds subj ect i ng PEEUNS M ent s
to potentially danmaging cure WO 97/ 02725

PCT/ US96/ 11040 -6- . 5. condi ti ons.

According to one aspect of .the present layent.i . et
assenbling el ectr ebseconQOWﬁgﬁgﬁtégkgﬁﬁﬁg ?&%w%&ggﬂﬁgﬁ% aégpg%%%%nt

t echnol ogy") dsampgies &S 5ppl suhetrats r s{TheypgePRdr geTFPIRKeRdn Bay

adhesi ve properti g GO theFHBEEEBiRg OFedih Aef.igh5t an ep&kertidmwnd ¢ conponent;
nounting the first electronig conponent on the substrate in contacting

relation with thermoplastif, 8% 1 esin: and subjecting the first
curable resin t» a first w Adoordingi v amptbetrOaspectuehciles mrmesente t he

first curable resijhyentign! Chhetnod ekl Wschbringlelecerdiid er to refer to
a range of m ¢t owave T equencl es oundedngntgge end by, a spegific

| d
frequency and bourfeE@osRntEeCEPRELFER HHEGY BrFelrelfotoRdetic
frequency. For exafuiponeatWErdmwthe second window of microwave

frequencies, and shielding the second electronic

10 component from the first window of microwave
frequencies. Additionally, at least one portion of the
substrate may be shielded from the first window of
microwave frequencies, and at least one portion of the
substrate may be shielded from the second window of

15 microwave frequencies.

According to another aspect of the present
invention, a method for assembling electronics
comprises applying a curable resin having adhesive
properties to at least one of a substrate and

20 component; mounting the substrate on the component in
contacting relation with the curable resin; and
subjecting the curable resin to a first window of
microwave'frequencies to cure the first curable resin.
Additionally, at least one portion of the substrate and

25 at least one portion of the component may be shielded
from the first window of microwave frequencies.

According to another aspect of the present
invention, a system for assembling electronic
components comprises application means for placing a

30 first curable resin having adhesive properties on the
substrate; mounting means for placing a first
electronic component on the substrate in contacting
relation with the first curable resin; and microwave
generating means for subjecting the first curable resin

35 to a first window of microwave frequencies to cure the
first curable resin. The system may also comprise
applicators for applying a second curable resin having



15 would conprise all the m crowave frequenci es bounded by and

i ncluding 2.20 GHz and 3.30 GHz. The first curable resin may be

subj ected to the m crowave frequencies contained within the first

wi ndow ei t her sinultaneously or sequentially. At |east one portion of
the substrate 20 may be shielded fromthe first w ndow of mcrowave
frequenci es t oWO9PBRE danmge to the substrate. The firstPCHISII o5 n
may be a thernosetting resin (e.g., an epoxy) or a thernoplastic resin.
Optionally, a second curable resin having 29- adhesi ve properties may be

applied to the sub rate and a second el ectraqnic component & be
nount ed on the §ELYe aﬁ?ﬁeﬁ%ﬁﬁ & Fgﬁa F‘é’?%‘f’fao T At %gsstgﬁ%ﬂ
curabl e resin. Théost speniingEplsgaend: kdefrroniamepmponenscondther abl e

resins and mounti Qﬂbhéfaéé r&d c%?&a%%%@draQatﬂ&&wmItmecgaeaﬂants may
occur sinul t aneousl

second curabl e resi pgsed to a
second wi ndow #W%r’?ﬁ%’\f@ AN T EPHBVE (IR %ﬁﬁ@ygﬁégﬁ ®tir abl e
resin. The secendsabjebting estien sempnide carbpdet zebsin to a skeondcwindee

frequenci es of thgesgeond, W qugnw%% %5 oW HARRRIGY ckable

sequentially. The first and secon w ndows of m crowave frequencies
may be the same. ABSin. |east one portion of the substrate may be shiel ded
from WO 97/ 02725 The system may comprise shielding for

PCT/US96/ 11040 1,0 bBEs RS GG pH oW1 Qb BLAL OVER IR EREMEEREO PTevent

10 second window of wmicrowave frequencies, and for
protecting the second electronic component from the
first window of microwave frequencies. The system may
also comprise shielding for protecting at least one
portion of the substrate from the first window of

15 microwave frequencies, and at least one portion of the
substrate from the second window of microwave
frequencies.

By using variable frequency microwave

irradiation, one can maximize resin curing efficiency

20 while avoiding damage to the electronic component (s),
to the substrate, or to both. The adhesive may be
preferentially heated without heating the substrate.
Furthermore, the effects of thermal stresses caused by
dimensional changes of different materials is reduced

25 due to the selective heating of the adhesive and
electrical componente without heating the substrate.

Brief Description of the Drawings
FIG. 1 is a flow diagram illustrating method
steps according to the present invention.

30 FIG. 2 is an exploded perspective view of an
electronic substrate having a plurality of components
thereon.

FIG. 3 is a perspective view of a holder
assembly suitable for use in.a method according to the

35 present invention.



damage to the substrate. The second curable resin may be a thernosetting

resin (e.g., an epoxy) or a t hernopl astic resin. 5 Accor di ng
to anot her aspect of the present i nvention, a nethod for assenbling

el ectronic conponents conprises shielding the first electronic

conmponent fromthe second w ndow of m crowave frequenci es, el di ng
the second el cWO938?BS 10 conponent fromthe first w ndow of M

frequencies. Additionally, at |east one portion of the substrate may be
shielded fromthe first w ndow of i cr 6lkEve frequenci es, and at | east
one portion of the . SUPSHE! S HY PBeglbltiede (LA 19.2200RNY PHOW Of
15 1 crowave frequenci es. - Actording to another aspect of the
present i nvenprogesaingt abr fRuraddEnh PEnYOEkRERGh @ecordipgnbPi ses

appl yi ng a curabl gh@eﬁggsgﬁyim‘,@gﬁi@i_ve properties to at |east one of
a substrate and 20 conponeni. nounting the.substrate.aon th onent in
contacting relation with th I%Ur%bltseaﬁ'gsfzﬁ,"ognglew gfsuaij}é)cr?cpgéc he curabl e
resin to a first wakdowadbng limesrSowaviea FIEquéncies to cure the first

curabl e resin. Additionally, at |east one portion of the substrate and
25 at |l east one portion of the _com %ant ma%/ be, shi.el ded fromthe first
wi ndow of m crowave frequenci egﬁe_e_scnmg\_om;@gelpg%qo anot her aspect
of the present I nvent i Ofihe SpfedritMinVendssanibw s eleetribadCmore

conponent s conpri ses.applicati pn nmeans for. _placin f .able resin
havi ng adhesi ve p%b’é&?’t 58536?\3??1 r er%%sﬁ%gtefggﬁé% gr%ﬁtn | r?ggr?glgﬁsyﬁgg pl aci ng
a first el ect doaiwéngenrpbnevihich nrefesyps: pabedimerhhCfc thrg

rel ation withiighe jhivkat i6H abbesk®mi N, THIG HhoEAVESE may, GOReVak|Ngemeans
frequenci s to cupBbPRRea”Thinply Eiidigtne, Bofak' 431 MAHNTRL B Cave
conpri se appl icoastryefopsapimitiat) te fbeormbedingntes e Forkbi ng
herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will
15 fully convey the scope of the invention to those
skilled in the art. In the drawings, the thickness of
layers and regions may be exaggerated for clarity.
Like numbers refer to like elements throughout.

Referring now to FIG. 1, a method for

20 assembling electrical components, according to the
present invention, is illustrated. The method
comprises applying 5 a resin having adhesive properties
to an electrical bomponent, or to a substrate, or to
both; ‘mounting 7 the electrical component on the

25 substrate within the curable resin; and subjecting 9
the curable resin to variable frequency microwave
irradiation. In addition to mounting components on a
substrate, components may be connected to other
components, and substrates may be connected to other

30 components, according to the present invention.

As is well known to those having skill in the
art, traditional methods for mechanically and
electrically securing electrical components to
circuitry included the use of solder. Electrical

35 connecting pins extending from a component were
inserted into selective portions of a circuit on an
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-7- adhesi ve properties on the substrate; nounting neans for
nounting a second el ectroni c conponent on the substrate in contacting
relation with the second curable resin; and m crowave generating nmeans
for 5 subjecting the second curable resin to a second w ndow f

m cr onwave freqﬂ’ P05t o cure the second curabl e resin. FPCE 11040
The system may conprise shielding for protecting the first electronic

conponent fromthe 10 second wi ndow of i crdWave frequenci es, and for

profecting the seqond:eleel AN AP beLLomh Bererd i %Bpaggg%vr of

m cf owave frequenC|es he s rirse sh
protecting at |ea®Plbpe S°1%%¥t¢Qn#hﬁ‘Jﬁﬁﬁtéaﬁs?ﬁaféphr?ﬁﬁqﬂ9§lﬂgr3%nmnndOM/
of 15 m crowave fraaaueﬂgceit adnild dlledal ene poléeprnedfeddleand, substrate

from the second wi Hg%‘h ](_;égl){vavern gxan&r Sﬂgff&ét?fcons, electr1ca11 By using

vari abl e frequency m crofave can 'max 78%Festn curing
efficiency 20 %ppedaveiﬁengem nepleping| %@1¢%|@%mﬁéﬁﬂs to

the substrate, orcbfpbAthts e adlhasddtaonny bebstratw ef mbbahhdtbwt ed
wi t hout heating the substrate Furth§rrmre hles ect

stresses caused b§ n%¥%+%ﬁ%ut V?ﬁ@ gsoyoﬁt% T en 5??5# %?%;e
reduced 25 due toegkb semwm e iafg aofonhenenithebs o éwdsecuredect rical

conmponents W t houtrhBegbkis s&ves s pHyBically secure the component to
' 10 the substrate and to electrically comnnect the component

to the circuitry. Non-conductive resine are also being
used to secure various components to electronic
substrates, or to each other, where electrical
conductivity is not needed or is provided in some other
15 way. Non-conductive resins are also being used to
secure electronic substrates to other objects.
Referring to FIG. 2, the steps of
applying 5 reein and mounting 7 a component 10 to an
electronic substrate 11 are illustrated. Securing an
20 electronic component 10 to the electronic substrate 11,
according to the present invention, comprises applying
a curable resin 12 to the substrate, to the electronic
component, or to both via an applicator 14, setting the
connecting pins 15 of the component in the resin, and
25 curing the regin with variable frequency microwave
irradiation. As would be understood by those having
gkill in the art, an electronic substrate 1l typically
is a dielectric material having electronic circuitry 16
thereon, to which various electronic components 10 are
30 physically and electrically connected. The circuitry
16 on the electronic substrate 11 may be screen printed
using conductive materials, or may be applied by other
methods known to those with skill in the art. The
electronic substrate 11 may be made from flexible or
35 rigid materials.
The process of securing electronic components
10 to a substrate 11, according to the present



Brief Description of the Draw ngs FIG 1 is a flow diagram

il lustrating nethod steps according to the present invention. 30

FIG 2 is an exploded perspective view of an el ectroni c substrate
having a plurality of conponents t her eon. FIG 3is a
perspective view of a hol der assenbly suitable for use in

according to tﬁ@bﬁﬁnﬁﬁesent I nventi on. WO 97/ 02725 r@nﬁﬁkﬂﬁﬁn
PCT/ US96/ 11040 - 8- FIG 4 is
a perspective view illustrating the proc'@'&'i ng of a plurality of

wor kpi eces, accor diia #Qen, m§55téeéggfofrﬁyc?w ¥3nd or by automatdd G 5 IS

a section view of a workplece aken along l'ines 5-5in FIG 4. .
Detai | ed Descri pt i SHidmee | AERPAbRD appittators 12Tﬂéyp?eg¥¥nrqq+ﬁe&?ion
now i s described rs @redetierimiyelielocasions ofi tah pagkérehae ¢bedthmnic
acconpanyi ng dr e 19 WRLCBoPLAL e%}fﬂr%m@beﬁﬂbﬁeﬁ%sw W o
i nvention are shown. i'S 1 nvéntlon nay, however, be . enbod] ed 1 n many
di fferent forns®akPEhoulEdessgopdc components 10 may be inserted within _

the resin 12 by automated equipment. The substrate may
then be forwarded to a variable frequency microwave
furnace 31 for curing. Furthermore, the process of
securing electronic components 10 to a substrate 11,

10 according to the present invention, may be part of a
larger process, including the fabrication of the
electronic substrate and circuitry thereon.

Exemplary electronic components include
integrated circuits and the discrete components thereof

15 such as transistors, capacitors, resistors and the
like. Suitable substrates include polymeric printed
circuit board ("PCB") materials such as polyamides,
polysulfones, and polyethylene terephthalate. Suitable
non-polymeric substrate materials include ceramics,

20 alumina, and silicon dioxide.

A particularly suitable class of resins are
thermosetting resins. By the term, "thermosetting", it
is meant that the resin irreversibly solidifies or
"gets" when completely cured by activating the curing

25 agents, such as by heating using microwave irradiation.
The invention is also suitable for use with
thermoplastic resins. Suitable resins include
unsaturated polyesters, phenolics, acrylics, silicones,
polyurethanes, polyamides and the like, and mixtures

30 and blends thereof. Resins having adhesive properties
can include various additives commonly employed with
thermosetting and thermoplastic resins such as fillers,
curing agents, colorants, pigments, thickening agents,
and the like. Also, conductive material can be mixed

35 or blended into the resins. Suitable conductive
materials include metals in powder form, such as

copper, aluminum, silver, and the like.



construed as limted to the enbodi nents set forth herein; rather, these

enbodi nents are provided so that this disclosure wll be thorough and
conplete, and will 15 fully convey the scope of the invention to those
skilled in the art. In the drawi ngs, the thickness of | ayers and

regi ons may be exaggerated for clarity. Li ke nunbers ref EWW :

el enent s t hr oY@ 87/02725 Referring nowto FIG 1, or 20
assenbling el ectrical conponents, according to the present invention,
is illustrated. The nethod conpri ses a'g‘ﬁi'yi ng 5 a resin having adhesive

Both: mounting 7 the o ect (itES EBBoNERr L § o s iR (P £ 41 (e
curabl e resin; angesfimmest by apprlyinghvariakls £nesyiepcyonigrP¥dve frequency
m cr owave i 17 adladd QN or hAdditeldOBot PapDUlY i GATEORALY Sc@re &he
substrate, conponents pay be connect eg ;_o 0 ‘per 1v a$SARENENLS, and
substrates my be2@BefEE &P HdrePO%0 80%‘%0?‘?:5%?, ACCOrdrng to the
present invent Bonelectronic compongsti(s)wdfl dndhe sybshsatehddi mEskill in
the ar|t1 {r?‘diofai;f?”?d':é?tz{}thsﬂ%r@ebw%aldn?ér%&égg mi8k6whve c?l stcf)l o
Bl ectrical 35 confRERTY 1A MSASRHN 4G Prom ceniSent d8Fet22 Yohserted
into sel ective poBibbasetfaln citheuidisohoanre of whichwbsginoorpsrated
PCT/ US96/ 11040 herein by reference in its entif%ty. In general, a
10 microwave furnace, within which the curing step occurs,
typically includes a microwave signal generator or
microwave voltage-controlled oscillator for generating
a low-power microwave signal for input to the microwave
furnace. A.firSt amplifier may be provided to amplify
15 the magnitude of the signal output from the microwave
signal generator or the microwave voltage-controlled
oscillator. A second amplifier is provided for
processing the signal output by the first amplifier. A
power supply is provided for operation of the second
20 amplifier. A directional coupler is provided for
detecting the direction of a signal and further
directing the signal depending on the detected
direction. Preferably a high-power broadband
amplifier, such as, but not limited to, a traveling
25 wave tube (TWT), tunable magnetron, tunable klystron,
tunable twystron, and a tunable gyrotron, is used to
sweep a range of frequencies of up to an octave in
bandwidth spanning the 300 MHz to 300 GHz frequency
range.
30 Appropriate use of variable frequency
prbcessing, as disclosed herein, enhances uniform
- processing from one workpiece to the next because
placement of each workpiece within the microwave
furnace is not critical. By contrast, with single
35 frequency microwave processing, each workpiece must be
oriented precisely the same way to achieve identical
processing time and quality. another advantage of



el ectroni c substrate and secured thereto by applying nolten sol der to

the junction of each connecting pin and circuit, and allow ng the sol der
to cool and, t hereby, harden. In many applications, electrically 5
conductive resin is replacing solder for securing conponents to an

el ectronic substrate. The conductive resinis applied to

portions of a WO¥®Bwhere each connecting pin of a conpd%gﬁﬁﬁdﬁn¥% be
secured. The resin serves to physically_i cure the conponent to 10 the
substrate and to electrically connect the ¢ ﬁponent to the circuitry.

Non- conductive re%'s& fg?bSr RSt %é&encW&ggrBﬁa§§%&éé%@r@U§sco”ponent5
to electronic subsfrates, or to, eachég?her %%% |cm

conductivity is noiscieged Rerein G @ FEFUCHIOBNR o
Non- conducti ve rethesmal estdsasdei NGBy sedecting fsmmmmlsecmauncure a

substrates to other, %gbﬁfé? resi w1tqput c?u51n%FE§ég§§1 %%aﬁkﬁb 6¢ the

st eps of appl yi ng Fest i and:
el ectroni ¢ sub$t r &he subgkrate |%tmm¥ense@ufiaﬁge%lrﬁw té!eé'@?ﬂ-onl c

conponent 10 to t@%ﬂb@ébf:@é&%ét&&ﬁdﬂdﬂde%llrurtherm]gr djeagri‘wse Ehe present
i nvention, conpri ses %%g % necht aa ('il Sesﬁgﬁtgr ttl % ld g}ll’ ate, to
nRteRton it

t he electronlc - PXE§ viaan a cator setting the
connecting pins 1@O@Wenhe°%@#wﬂﬂnﬂng|m$qﬂﬁésne§ﬂma°%ﬂﬁim&?aﬁkqlﬁghﬁﬁénge5|n

\l/)\nthhvarl ﬁbl e fre@i&@%}tﬁﬁ:%wﬁﬁ/ﬁmms rdfaidhaidnﬂll exan@idn] Be ueder st olold

y those havi ski in the an el ectr a typlca y

is a diel ectrllg’ mRPEF SPORIN | tr?d“eeq'é B (?Irr% Icacil%%d’ tt?’ﬁé?g

whi ch various el ecusei excmmlsemlausérsssgﬁy%tr (F&E!JF ameélfeetzm caI |y

connect ed. Thg circuitry Thé%ﬁhttﬂ&le&aﬁPéoafoﬁaﬁﬁﬁcafe@ l%:.l.tgmig ’@Beh

screen printe usi_ng conductive erla i ed by ot her
ERSELpEgREtdq | SHadt Rph wif o MALGRE

met hods known to ectronic substrate
11 may be made frdmﬁhhencb¢$emﬂy:herqhyaynnaseabep% 0.90 GHz to 40 GHge

process of seqly i RGeehCebhSBhent UMDYt rate, 18nd verStibstrate 11,
according to the %%%poggnt/substrate combination, exposed to microwave

irradiation typically has at least one bandwidth, or
window of frequencies within this overall range that
will cure resin without causing damage to the component

20 or substrate. The term "window”, as defined above,
refers to a range of microwave frequencies bounded on
one end by a specific frequency and bounded on the
opposite end by a different specific frequency. Above
or below a particular window of damage-free

25 frequencies, damage will typically occur to the
workpiece. A window may vary depending on the
component configuration, geometry, and material
composition. A window may also vary depending on the
nature and configuraﬁion of sub-components within a

30 component. Sub-components may have different windows
of damage-free frequencies, as well. A substrate may
have a component thereon requiring a narrow window of
freguencies, and a component thereon requiring a wide
window of frequencies. The selection of the damage-

35 free window for a particular component, substrate or
both is typically obtained either empirically through
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- 10- I nvention, may be perforned by hand or by automated

equi pnent. Automated applicators 14 nay apply resin 12 to predeterm ned
| ocations of a particular electronic substrate 11, or to the electronic
conponents 10, _or _to 5 both. Electronic conponents 10 may be

W thin t he Wg’s""hﬂﬁ by autonmated equi pnent. The substrate @ﬂ’&’?@f%n be
forwarded to a variable frequency nicrowave furnace 31 for curing.
Furthernore, the process of securing el ettt onic conponents 10 to a

substrate 11, 10 ggﬁg%d&gg %}Prz#:.hed}r%i%%et?é@ﬁe)} %ngétronart of a

| arger process, inc abrication o ic substrate
and circuitry ther&&h e°tl°n curves and-kBanlikS- e ectroni c conponents

i ncl ude i ntegrated cironmtisimed wtlndodl eﬁr:ﬁmga}lmaelf&%qubﬁw@é 15 such

as transistors, CaBacL!olsei GRS Wirkpdlde! h% gy gsrtaiyl LABLESHPS| rat €9

I ncl ude polynerlc print rcult
pol yani des, . 5 p&PySelechdhe frePsrréeRyrare fesulihtimatthee shaptesah| o
non- pel yrreri ¢ subginet o nairs ] alFrefechblg, ceresriasiec) ial wiroaassead silicon

di oxi de. I Si

t her nosetti ng resf"ﬁts:h a%&%?]éﬂ COLH aﬂ,lj&é‘%%iﬁ%geﬁ&* e Ql&’pe eﬂa 88 eh%d? hat
the resin i rreverB’F-B‘Ii?Ws chﬁmaég:i@ular W°§%E’s¢¢%eﬁ“°@@rrﬁ‘l°é?él 9a%uiPQd by
activating the cuekegtéd e it ghriic Fraguéycieatitig whithg 1eswei»owave

irradiation. .. T?%eﬁggﬁgﬁéénlﬂhefgbioréghié*ﬂﬁa1n st ed blire times.

Additionally, better uniformity in curing is typically

achieved by using the upper-end frequencies within a
window. However, any subset of frequencies within a
window of damage-free frequencies may be used.

i5 Many electronic components and substrates,
and combinations thereof, that are exposed to microwave
irradiation have multiple windows of frequencies within
which a resin will cure without causing damage to the
component or substrate. For example, a workpiece may

20 be processed without damage between 3.50 GHz and 6.0
GHz, and may also be processed without damage between
7.0 GHz and 10.0 GHz. The availability of additional
windows provides additional flexibility for achieving
rapid, yet damage-free curing. Often times complex

25 geometrical configurations and material cowbinations
are encountered in electronics applications, which may
actually shrink or close a particular window of
frequencies available for processing. The availability
of alternative windows permits a workpiece to be

30 processed with microwave irradiation without having to
resort to other curing methods.

Preferably, the step of curing is performed
by "sweeping" a workpiece with variable frequencies
from within a particular window of damage-free

35 frequencies. The term "sweeping", as used hereinafter,
refers to exposing a workpiece to many of the
fréquencies within a particular window. Frequency



t hernopl astic resins. Suitable resins include unsat ur ated pol yesters,
phenolics, acrylics, silicones, pol yur et hanes, pol yam des and the |ike,
and m xtures 30 and bl ends thereof. Resins having adhesive properties

can include various additives conmmonly enpl oyed with t her nosetting and
t hernopl astic resins such as fillers, curing agents, colo 111040

pi gnent s, thicN@HFWﬁ”ﬁgents and the |ike. Also, conductive natéeri al
can be m xed 35 or blended into the resins. §U|table conducti ve

materials include netals in powder form suéh a copper, al um num

silver, and the |ikgeping resultg[a87ﬁﬁggg¥hlty of heating because many
PCT/U896/11040 1- The step

of curing 9 the rd&&itaEmedes) cpe be excitidrey %S?egﬁ {1 Vari abl e
frequency m cr owawecomplisheidabyohasetkeine dheo dﬂé[jeuﬁytaﬁnemrt@eﬁ y cure

the adhesi ve r%ﬂﬁ]ﬂf“a Wlhdbﬁ @%Eﬁé?%ﬁnﬁﬁa@@oﬂsﬂg 501'%@%(41&'1‘39.1 .

conponent (s) 10, e substrate particialarly
preferred m croha oY eXagRdgoe aE§upestRe Japday GfS apﬁgﬁnfr?\% 5,321, 222,
to Bi bl e et al.frddiendies dour a piru\ztmﬂlar sworkpdeper 4¢ e2l. 60 Ghizr &on by

reference in its enld rgly. ﬂe%ﬁgﬁgzg éﬁﬁq WS AN Go I YE Nt ticlizh )

whi ch the curing st’ep occurs g nclu es a_mcrowave sign
generator or AR/ Sia e LesTtiygdy c oHan ?%"H"&I LFEGURPSLEP YHrhige st i ng
a | ow power m cr ovaMRyeS iGN anyf Aesipble t Inddemetiter, osack as 2.6001 GHz,

10 2.6002 GHz, 2.6003 GHz ... 3.30 GHz, etc. Virtually
any incremental launching pattern may be used.

The rate at which the different frequencies
are launched is referred to as the sweeping rate. This
rate may be any wvalue, including, but not limited to,

15 milliseconds, minutes, hours, or days. Preferably, the
sweep rate is as rapid as practical for the particular
resin and workpiece being processed. The uniformity in
processing afforded by frequency sweeping, provides
flexibility in how a workpiece is oriented within the

20 microwave furnace. Maintaining each workpiece in
precisely the same orientation is not required to
achieve uniform processing.

Referring now to FIG. 3, a system for curing
resin, according to the present invention, is

25 illustrated. The system 30 comprises a microwave
furnace 31 having a chamber 32 defined by a plurality
of walls 33; a ground 34 connected to at least one of
the interior chamber walls; a holder assembly 36 for
removably securing an electronic substrate 11 having a

30 plurality of components 10 thereon; and a plurality of
electrical conductors 38, 38‘ for connecting the
electronic substrate 11 to the ground 34. The present
invention is especially conducive to batch processing
large numbers of workpieces at the same time. As

35 4illustrated in FIG. 3, multiple holder assemblies 36
containing workpieces may be processed within a
microwave furnace at the same time. Additionally,



furnace. Afirst anplifier may be provided to anplify 15 the magnitude of

the signal output fromthe m crowave signal generator or the m crowave
vol t age-control | ed oscillator. A second anplifier is provided for
processi ng the signal output by the first amplifier. A power supply is
provided for eratlon of the second 20 anplifier. A directional c%mpler
I s provided fo 'Bétecting the direction of a signal and REFYPrRp/

directing the S|gnal dependi ng on the detected direction. Preferably a
hi gh- power br oadband amplifier, such as®but not linited to, a

traveling 25 wavg g?Sn% T )r]'he %@t@:a@gﬁt a8 tl'E “’}?ol?rlp%n@n)é% 18"

tunabl e twystron, range of
frequenci es of upthéraﬁndﬁﬁé¢€=l 1e1de§aﬁaqushm@vaﬁﬁwwgtbﬁemsg@owezeto 300

GHz_ frequency fraggenciék. Approprlate use of variable
frequency processi ng, di scl osed het el nhances _uni for
processi ng from one morkplgiQ?%(¥3ﬁ¥ extlﬁeég % O 18, PRPSAE 8fa%ach

wor kpi ece wi t hBn Phecﬁremxﬂwﬁn¥5tratﬁurﬁé@éngsmﬂthQQQH|Wﬂahh 39chanaast
with &ingle 35 frQausnsyednﬁu@weopwee&iraﬁlc SO leP i Bee cBMBbndSt

o ented prectocl Yelhe ARt Lt teltul SRS ol co RERRESSI 1O (11
PCT/ US96/ 11040  Additionally, microwave irradiation may geusg lacahbied
frequency m crowangapif§essidilcedted areas of the substrate, resulting
10 in damage to that portion of the substrate.
Preferably, a holder assembly 36, as illustrated in
FIG. 2, is used to reduce the possibility of damage
resulting from localized heating or arcing.
Preferably, the holder assembly 36 as
15 described in commonly assigned, copending U.S. Serial
No. 08/497,603 (Attorney Docket No. 8488-6) filed June
30, 1995, the disclosure of which is incorporated
herein in its entirety, comprises a substantially
microwave-transpérent base 40 having a surface 42 for .
20 removably receiving and securing an electronic
subgtrate 11. The base 40 may include at least one
internal bore 44 sized and configured to receive at
least one electrical grounding conductor 38
therethrough. Each internal bore 44 terminates at two
25 openings: a substrate end opening 44a in the surface 42
upon which the electronic substrate 11 is secured, and
a ground end opening 44b in another portion of the base
40.
The internal bore 44 in the base 40 is
30 preferably sized and configured to receive a conductor
38, configured at one end to electrically interconnect
with an electronic component 10 and, at the opposite
end, to electrically interconnect with an external
ground 34. Preferably, each component 10 to be
’ 35 grounded, and each portion of the circuit 16 to be
grounded has one or more connecting pins or conductors,
as required, extending from the electronic substrate



di scl osed herein is a reduction of the effects of thermal stresses. By
sel ecting frequencies that cure a particular resin w thout causing
excessive heating of 5 the substrate or conponents, danage fromthermal
stresses may be avoi ded. Furthernore, because the present invention
achi eves shorter cure tinmes than conventional curing netgggﬁmygghﬁgent
mat eri al s havi W@ 902728 f f erent coefficients of thermal expan , ot 10
have enough time to expand or contract and, _thereby, cause excessive
thermal stresses at their interface. e The practical range of
frequencies wthig.the ci+ 0 | I ' 1.C ve
frequenci es may bgldhoggﬁni ghgb%%?é%%@y@%}étggfa%gg—fz.l%&gg\%gr ghcggr%lgnent
and substrate, an&odderyassemblytfhethes GEBRLEELNE RARH LY GRRIERESERd to

m C:j O\Nane f i rradiighi QﬂﬁhYEhﬁaédnhé&%lri&t 46esst tigae étﬁluiw'cld}rlicamr

w ndow o requencies w thin,this.ovyera r e ] cyre_ resin

wi t hout causing dé’ﬁ&&&&&c’flhésc% e =58 %glg cs’u‘ﬁ%%r%eﬁtes. \%Tﬁg fu; %Fﬁ%‘ué

"wi ndow', as défi Aédaabdothe externslegrougda3tangds growk bewtipderstgadnci es

bounded on ONgveRAckY BadPESs| d1ia1f HeqeaacHrentotimndrgs0Bft he
opposite end by a |ffenenilspe0|f|c.fre uen

cy._ Abov. or . bel ow
particul ar wi ndowSsfCEIRERELY r ERPRAFTING, u838¥82?n%éﬁhéﬁ'RPFF1P95i8§|?y
occur to the wdricpiiec @6 o vl grovayd 34r paviepe g zed .t hdn the

conmponent confi gufﬂgh%@raasan@&lwain@?ﬁ,ﬁat Bihdhiity SOBRRYUCLERs AW ndow
may al so vary depen

Ing on the nat yr.e_and confiquration qf .,

sub-conponentéﬂwiFﬁFﬁng shroughpd 2 1§§b9go €ﬁ€%¥5%ﬁﬁysh§3elﬂiF?%rent
wi ndows of daage- #0cenfir copmant ¢, ground| B4 Wiamaluredibmyof  have a
conponent thereon J3qy¥iibha8 BcR@idtRghizadow of frequencies, and a
conponent thereon requiring_ a W$%f mﬁngEM/gg frequencies. The sel ection
of the damage- 35 free wi ndBf dey Ya dﬁﬁb CotRBEPrate or
both is typicallyheataisield é¢hdoteshawndi foraprptestbagiportions of the

15 microelectronic substrate 11, including components 10

and circuitry 16 thereon, from localized build-up of
heat. The heat sink preferably is positioned directly
abéve, and in contact with, the portion of the
microelectronic substfate 11 to be protected and is

20 designed to absorb heat caused by microwave processing.
An additional advantage of the heat sink is that it
maintains an underlying substrate 11 in a substantially
flat orientation during microwave processing. This is
especially important when flexible microelectronic

25 substrates are béing processed, because any flexing or
bending during processing may result in a component not
being adequately mounted, or may exacerbate existing
stresses caused by different coefficients of thermal
expansion of the various connected materials.

30 Furthermore, when a flexible microelectronic substrate
is mounted to another object, any flexing or bending
during processing that becomes permanent after the
resin has cured may result in the microelectronic
substrate malfunctioning. The heat sink may be an

35 integral part of the holder assembly 36, or it may be a
separate assembly used in conjunction with the holder
assembly. Furthermore, the heat sink may be designed
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- 13- trial and error, or theoretically using power reflection
curves and the |iKke. Wthin a wi ndow of danage-free

frequenci es for a particular workpiece, it is generally desirable. 5 to
select the freguencies that result in the shortest time t 1040
Preferably, a e is processed with a subset of frequencies from
t he upper end of each wi ndow for a partiﬁﬁlar wor kpi ece. More npdes can
be excited wi th higher frequenC|es t han th ower 10 frequencies,

thereby resulting tanf‘QQéé Cée’é/eec %g.@ﬁlcroetfﬁgéféﬁ@léh%stﬁﬁ:geilL@J‘:faPr mty

incuring is typical y using the upper-end frequencies
within a Wi ndoW’rF-Ib?k @& subset of frequencies within a wi ndow
of danmage-free frequencies m@ehﬁngsemw tb PIGS. 4-5, thelMpmgsehtctronic

corponent s and suggx,a,gga?nonr,]a%ave nuﬁ%ﬂﬁs@ﬁt L8Ngeddled %pfmctxla@&eéﬁfoﬁwosed

to m crowave Irr | e w ndows of a%(iuenm es wt hl n

whi ch a resin & | BubgEEay® t kbt QRS &ﬁ"ﬁﬁes?o thgurable,rsgrt2 o
substrate. For exagwhifg admi«mmpwﬁ@ be poplissad \eutheutadarrage

~bet ween 3. 50 GHz an , O e~ pr, mage
bet ween Cﬁ?gﬁﬁﬁgi% :blg% tol'he avaPFEE ?6) o @ﬁ%ﬁ%ﬂe‘é’%ﬁ?gﬁa@

wi ndows prOV|des asédtei baanowntsd hiqy bp P@FhachT%%l?&PStratPaﬁFdlsyet
damage-free curi ngoulké@nohi RS &Sﬁaﬂtﬂsoﬂn geﬂmti:tgalral@nﬁbguwathons and

mat eri al conbi at:E Sgugﬁbf rggfgq}tera%% HF? féé%casvﬁﬂ chgyons

whi ch nmay nk™ or cl'ose a par ar w_ndow o
frequenci es avail MGOWéVehWWS mecavau Fa®i fyaple resin. 2as

illustrated in FIG. 5, a plurality of objects 50 having
substrates 11 mounted thereon may be processed within a
microwave furnace at the same time. Securing means

15 (not shown) may be utilized to insure that the
substrate 11 is secured to the object 50 in a
substantially flat orientation, and to insure that the
substrate does not move out of alignment during
processing. A heat sink (not shown) may also be

20 utilized, as described above, to protect portions of -
the microelectronic substrate 11, including components
10 and circuitry 16 thereon, from the build-up of heat.
Additionally, at least one portion of the substrate 11
and at least one portion of the object 50 may be

25 shielded from the window of microwave frequencies.

The foregoing is illustrative of the present
invention and is not to be construed as limiting
thereof. The invention is defined by the following
claims, with equivalents of the claims to be included

30 therein.



of alternative wi ndows permts a workpiece to be 30 processed with

m crowave irradiation w thout having to resort to other curing nethods.
Preferably, the step of curing is perforned by "sweepi ng" a workpi ece
wi th variabl e frequencies fromwithin a particular w ndow of
damage-free 35 frequencies. The term "sweeping”, as used hereinafter
refers to expo¥ofde rkpi ece to many of the frequenci est&

particul ar wi ndow. Frequency WO 97/ 02725
PCT/ US96/ 11040 -18- sweeping results in

14-
uniformty of heating because W%Aﬂ@ﬁ!ﬁ'ﬁ%@(z}qmﬁkbe excited. Sweeping

may ~be acconpl i shed by | aunchi ng requenci es wthin a
wi ndow ei t her sinultaneously, or sequentially. 5 For exanple, assune the

wi ndow of danmage-free frfgue@infesck{ogr _f@rp?ééér%'iﬁ{g wordepiece i s 2. 60 GHz

to 7.0 GHz. Frequency sweepi ng wou I nvol ve, cont.inuously and/ or
sel ectivel y | auncFPRECRERERIe#3EE MAthedn cPRPEising fhp SteRsPLidesirabl e

increments, such as 2.6001 G, agblydng0@2fGEs AufdBie Gdsin having Gz,
tc. Virtuall . | [ t
erc 'rtual 'y atdﬁg%ilr{e‘?%fcg{%?ieé FANGRI g, PR érgé {BM r%%s‘é?:‘i@e and

The rate at which . reguenci es ar aunc ISreferred to
as the sweepi n§ r & Elrstrplkectrongc cegpopentny val ue, including, but not

limited to, 15 milliseconds(b)yn Rafingouhe, £DEstladlect¥iier abmponéhe
on the substrate in contacting relation with the first
- curable resin; and
{c) subjecting the first curable resin to a
10 first window of microwave frequencies to cure the first
curable resin.

2. A method according to Claim 1, further
comprising the step of applying a second curable resgin
having adhesive properties to at least one of a

15 substrate and a second electronic component.

3. A method according to Claim 1, further
comprising the step of mounting the second electronic
componerit on the substrate in contacting relation with
the second curable resin.

20 4. A method according to Claim 1, further
comprising the step of subjecting the second curable
resin to a second window of microwave frequencies to

cure the second curable resin.

5. A method according to Claim 1, wherein,
25 during said step (c), the first curable resin is
subjected to the microwave frequencies of the first

window simultaneously.

AR
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a chanber 32 defined by a plurality of walls 33; a
ed to at |gast hanb lls a
£Eo, RBRiSEs sock DLEE Qi 1105hetE

6 for r enovab securing a ?é 11

havi ng a 30 pl ur aPPEFREF SREGRRILIS lotpﬁe?éﬁﬁt eperklexesani i of

el ectrical conduc
11 to.the ground
bat ch processing
illustrated in FI
wor kp*eces maysbe
tinme. Additional
PCT/ US96/ 11040
substrate 11 and
fromthe m crowav

10

15

20

25

babjedBed 385 thy miembeavengrédeenciesloFcthenEgrstbstrate

F4nadlie ;ﬁgg invention is especially conducive to
8 garaeéﬁ ers of wor kpi eces at the sane tinme. As 35
G 3, multiple: hol der assenblies 36 cont ai ni ng

processed7w t A method astor@iviyed Wldae1at whlfe Hame
4t least one\ggf%a 922%5the subﬁﬁfate is s FF%%% %?m?he

the Eéupbreindow of mlc%'ﬁ!!?‘é%nfw%lﬁﬁl éuueng(midshom)
gtep (&)yequencies.

8. A method according to Claim 1, wherein
the first curable resin is a thermosetting or
thermoplastic resin.

9. A method according to Claim 8, wherein
the thermosetting resin is an epoxy.

10. A method according to Claim 2, wherein
the second curable resin is a thermosetting or
thermoplastic resin.

11. A method according to Claim 10, wherein
the thermosetting resin is an epoxy.

12. A method according to Claim 1, wherein
the first curable resin is a conductive or non-
conductive resin.

13. A method according to Claim 2, wherein
the second curable resin is a conductive or non-
conductive resin.

14. A method for assembling electronic
components, said method comprising the steps of:

(a) applying a first curable resin having
adhesive properties to at least one of a substrate and
a first electronic component;

* c L L} S *



When mcrowave irradiation is applied to an 5 electronic substrate arcing
may occur which nay cause [ocali zed dama e tothe circuit poeeard
y p o I SHEET HAS BEEN

conmponent bei ng munmgsgeggapgeegm board, or to both. THIS
Additionally, mcrowave i rW“MImm cause | ocal i zed heat i ng REPLACED
sel ected areas of t he sub ng 10 in damage to th | of
the substrate. WOITA3{2Ss of assenbly 36, as ill us%&hf'ﬁe
FIG 2, is used to reduce the possibility of damage resulting from

| ocal i zed heating or arcing. BP&f er abl y, the hol der assenbly

08/ 497603 (ALt or ney Docket K. - Bapis P 31FeR evlederaflc 3 mpondhft
di scl osure of whi @R ithe FbesEAkeein contagtdng melarionnvithithe kst ses a

substantial ly qumablearestinansparent base 40 having a surface 42 for 20
reanany recei ving and secuyring t . The base
40 may include at |east onel{ I) aﬁ?lefirggf %ore sclll;g L ]?jéaglor%#a‘upgd to
recei ve at § egfthesigecpEePErEdes gﬁfQ)Lﬁ’r'dllrﬁjm@oﬁ’aGcPéraS%letrate and

t her et hrough. Eachy Ig&@haablaa{;goﬂﬂctﬁtﬁpdﬁ;ﬁg at two 25 openings: a
substrate end opening 44a i

he rf p .ch. t he el ectrom C
substrate 11 is secured, gds ‘;Htu% &Ieeﬁfcgnénlggeggﬁ%mr% RRER
portion of the bas® the ,sgbstrate 11'1 contactiag ﬁ?éﬁﬁ&?nm@’l 4 r$etcl¢eldbase
40 is 30 prefer abldﬁm@draadngonflgur ed to receive a conductor 38,

configured at e end to el rically . intercon h _an_.el ctronlc
conponent 10 é@g at the.opgsgl t%‘% dot 1n(? tt(i1 %ﬁ' Fr%ﬁ%@e |J?ﬁséTnc ﬁn@ct
with an external E£irsg wndompfmmmey Ereqguenedasobe turk) the §4x8s
grounded, and eachnf@bleoReglint hgngircuit 16 to be grounded has one or

nore connecting pins or con tors, . ..as .hequir X I ng f.romthe
el ectroni c substrat e QE? s&bjectlﬁa the ecggd guéggEL f%51n to a

second window of microwave frequencies to cure the
15 second curable resin.

15. A method according to Claim 14, wherein
said steps (a), (b), (c), and (d) are performed
simultaneously.

16. A method according to Claim 14, wherein,
20 during said step (e), the first curable resin is
subjected to the microwave frequencies of the first
window simultaneously.

17. A method according to Claim 14, wherein,
during said step'(e), the first curable resin is
25 subjected to the microwave frequencies of the first
window sequentially.

18. A method according to Claim 14, wherein,
during said step (f), the second curable resin is
subjected to the microwave frequencies of the second

30 window simultaneously.
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- 16- 11. When the el ectronl C substrate 11 is placed on t !
assenbly 36, the connectl eenHasCBee dekgt or s align wt hn:ﬁ#§ SHéE‘ ﬁfg BEEN
connectors 46 so that an e H @Lﬁ”connectlon i's made be ween RERBACED
conponents 10 or circuit 5 ternal ground 34. As woul d be

under st ood Wf"ﬁ@ge havi ng s | the art, other ways of CT/US96/11040

el ectrically connecting a conponent 10 or pgrtions of a circuit 16 to

the ground 34 may be utilized. In the rPLastrated enbodi ment, a

plurality of conductors 38 1@ e AE‘F&MH %%%%§§18%u%|b Xlrﬁ)fl% ntw%FnaI bor es

44 1n the base 40 and connect to Qrou g ural
addi ti onal conduct®¥dnggsaid step (f), thergecrpAdenral %%rﬁfﬁ%ﬂfee-snay al so

conprise a heatubgiedkeneb shewlciowaver EreqlieRNgigsréf aile Hecbhg 15

m croel ectronic s I ng conponents 10 and circuitry 16
t hereon, from|l ocgﬁ ze%t gu?’ﬂ‘ﬁnﬁgg%w heat. The heat sink preferably is

positioned directly above, and in contact with, the portion of the
nmicroel ectroni cs substrate 1l3oto Remddi¥Eacedranflg ﬁoZQQﬂ&ime%hbeeﬁﬂsor b

heat caused by m An _a d|t|o al of t he
heat sink is that Y %\A@\igsgagggéﬁﬁ% ach ‘i?ﬁ“a’é?PFi? néssﬁﬁﬁ?}%%%“?%
substantially qucapdowmﬁput ¢Hrmirrawsyenifreawaneier cdwsigin gaﬂﬁhssep S
especi al ly inport a#y when flexible mcroelectronic 25 substrates are being
processed, because any flexing or bendi ng during processing nmay result

I n a conponent not bei ng adequately nounted, or may exacerbate existing
stresses caused by differenRleoehfhethagd acegprdhngntd Claimdganwvheneih t he

various connecied vt 8ekdh8- electronic component is shielded from the
first window of microwave frequencies during said step

(e).

22. A method according to Claim 14, wherein
at least one portion of the substrate is shielded from
15 the first window of microwave frequencies during said
step (e}.

23. A method according to Claim 14, wherein
at least one portion of the substrate is shielded from
the second window of microwave frequencies during said

20 step (f).

24. A method for assembling electronic
components, said method comprising the steps of:
(a) applying a curable resin having adhesive
properties to at least one of a substrate and a
25 component;
(b) mounting the substrate on the component
in contacting relation with the curable resin; and
{c) subjecting the curable resin to a first
window of microwave frequencies to cure the first
30 curable resin.

L



30 Furthernore, when a flexible mcroelectronic substrate is nounted to

anot her object, any flexing or bending during processing that becones
per manent after the resin has cured may result in the mcroelectronic
substrate mal functioning. The heat sink nmay be an 35 integral part of the
hol der assenbly 36, or it may be a separate assenbly used in

conj unction mﬁ%ﬂ) 20| der assenbly. Furthernore, the heﬁ@”g$ﬁﬂuﬁﬁy be
desi gned WO 97/ 02725

PCT/ US96/ 11040 =22~ 17- to protect a

specific mcroel ectronic sug%traigm;ghgﬁ ébcordq%rtEB”ciQf%éﬁﬂ W?eﬁi§5d ‘o

Reférring nowto FIGS. 4-5 I'on ma
secure a m croel eciuINE 931511l§§1epat(§) 11the qsm@leobfpewslsosummrce

resin 12, havi nghea Miriowavie! gRetihibfSied O Rblel Edrke wifdey a

substrate 11 or to t he object .50 on which the substrate Is to be
nmounted, or to botHTUré Fate 11 is nmounted on the object 50 in
contacting relation with 10 the curable resin 12, and subjected to a w ndow

of . m5cr onave frequengl eet, ot ﬁuﬁtétltn&? PMECIC Eslt @l?ﬁﬁ 24, v&ﬂéx‘téigxr at ed
in a plur o Q S substrates nount.e

t hereon may be proéc Fﬁ N 2’?}&?‘ gi}%\?é’lFuFﬁﬁtlé 1 fYReshkee tPne.
Securing neans 15 qhmmmwwnyenﬁyememms ofd the Eavat ewimdow t he

substrate 11 is sefduhtliaitife object 50 in a substantially fl at
orientation, and to Tnsure that the

27. A method according to Claim 24, wherein
10 at least one portion of the substrate is shielded from
the first window of microwave frequencies during said
step (c).

28. A method according to Claim 24, wherein
at least one portion of the component is ‘shielded from
15 the first window of microwave frequencies during said
step (c).

29. A gystem for assembling electronic:
components on a subsgtrate, said system comprising:
means for applying a first curable resin
20 having adhesive properties to the substrate;
means for mounting a first electronic
component on the substrate in contacting relation with
the first curable resin; and
means for subjecting the first curable resin
25 to a first window of microwave frequencies to cure the
first curable resin.

30. A system according to Claim 29, further
comprising:
means for applying a second curable resin
30 having adhesive properties to the substrate;

-
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substrate does not nove out of alignnment during processing. A heat sink
(not shown) may also be 20 utilized, as described above, to protect

portions of the m croel ectronic substrate 11, includi ng conponents

10 and circuitry 16 thereon, fromthe build-up of heat. Addi tionally,

at | east one portion of the substrate 11 and at | east one portion of
the object 50 WAPTME235 shijel ded from the w ndow of ni cr owavPGHEHHEN o5
The foregoing is illustrative of the present i nvention and is not to be
construed as limting thereof. The inved®ton is defined by the

foll ow ng clains, with e gU|v ents of ,the clains t%_be I n¢l uded 30

t het ei n. VWO 97/ 02 oxr mount:.ng a second electronic

PCT/ US96/ 11040 component on the substrate in cd@tacting relation with

THAT WHI CH | S CLALNEDgsLSona curable resln angA nethod for assenbling
electronlc conponents, sai £isi t he steps

t
(a) applying a first curabl'@e"i"é%%"’hz?\‘ﬁbﬂﬁc 10T AR ST F{’?'%sr?%l%t
| east one of absubetratecond WEhdpw|cﬁsmletewavenfneqnﬁqnmasntp cure the

(b) maunting the gégghdeg@fggfgufééﬁpponent on the substrate in
contacting relation wwth the first curabl e resin; and (c)

subj ecti ng the first curable resin to a
31. A system according to Claim 30, further

comprising means for shielding the first electronic
component Erom the second window of microwave
10 frequencies.

32. A system according to Claim 30, further
comprising means for shielding the second electronic
component from the first window of microwave
frequencies.

15 33. A system according to Claim 30, further
comprising means for shielding at least one portion of
the substrate from the first window of microwave
frequencies.

34. A system according to Claim 30, further
20 comprising means for shielding at least one portion of
‘the substrate from the second window of microwave
frequencies.

35. A system according to Claim 30, wherein
the first and second windows of microwave frequencies
25 are the same.

AW



10 first wi ndow of mcrowave frequencies to cure the first
2. A nethod according to Claimal,
conprising the step of applying a second curable resin

| east one of a 15 substrate and a second el ectronic

resin.

properties to at
conponent .

4.
subj ecting the second curabl
frequencies to cure the
met hod according to Caiml,
curable resin is
wi ndow si mul t aneousl y.
6.

3.
conpri si ng the‘@?gﬂ”@ﬁ nmounti ng the second el ectronic
substrate in contacting relation with
A method according to aim1l, furthqys
resin to a second wi ndow of m crowave

t he second
conpr
e
second curabl e resin.

wherein, 25 during said

A method according to Claim1l, wherein, during said

A nmet hod according to Caim

curabl e
further
havi ng adhesi ve

1, further
conPOFERI6AIMO ¢ o

curabl e resin. 20

ising the step of

5. A

step (c), the first

subj ected to the m crowave frequencies of the first

-19-

step (c), the

first curable resin is subjee+ed—+e—+he——————ﬁ+e+eﬂaﬁe frequenci es of the
APPLYING RESIN

first wi ndow sequentially.

HAVING ADHESIVE
PROPERTIES TO
SUBSTRATE AND/OR

s 5

ELECTRONIC COMPONENTS

Y

MOUNTING ELECTRONIC
COMPONENTS ON
SUBSTRATE

L

SUBJECTING RESIN TO

VARIABLE FREQUENCY

MICROWAVE IRRADIATION
TO CURE

5. 2.
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5 7. A nethod according to Claim1l, wherein at |east one
portion of the substrate is shielded fromthe first w ndow of
m crowave frequencies during said step (c). 8. A nethod
according to Claim1l, wherein the first 10 curable resinis a
t hernosetting or thernoplastic resin. 9. A nethod according to
Cl ai m 8, wher eWoO 2792725 thernosetting resin is an epoxy. RGY/US96/11040 1O,
A nmet hod according to Claim2, wherein th3/§econd curable resinis a
t hernosetting or thernoplastic resin. 11. A nmethod according to
Claim 10, wherein the therersettLﬂE‘resJ_rLis an epoxy. 20
12. - A nethod according to Claim1, AMherein the Tivst cupéble rgsin is
a conductive or non-c uctive p€Sin. ¢ 13. "A~mBLpod g€cHrding to
Claim 2, wherein th cond 25 curabl® resin is a conducti VE‘ZK‘
non-conductive resin. \ 7 14. Almethod according to O aim 17T

7 . . Y . § 7 )
further conprising ~%the steps of: |

”~
|

Vs ot oor = e =
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i
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- 20- (d) applying a second curable resin having adhesive
properties to at |east one of a substrate and a second el ectronic
conmponent; 5 (e) mounting the second el ectronic conmponent on the
substrate in contacting relation with the second curable resin; and
(f) subjecting the second curable resin to a second wi ndow of

m crowave freguesmo2es to cure the second curable 10 resi n, PCT/US96/11040

15. A nmethod according to Claim 14, wherein said steps (a), (b), (d),
and (e) are perfornmed simultaneously. 3]/ 16. A nethod according
to Caim14, wherein, during said step (c), the first curable resinis
suhj ected to the m crowave frequencies of the first w ndow

si mul t aneousl y. 17. A method according to C aim14, wherein,
during said 20 step (c), the firsy Qurabre_resin is subj ected to the

ni crowave frequencies of the first”w rfdow sequém<ally. 18. A
met hod according to C ai m 14, «her ei n,l during said ~—~~stgp (f), the
second curable resin is supjected to tlhe 25 mcrowave freqﬁ?n'ei.es\ of the
second wi ndow si nul t angodsly. l '
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+21- - '_ 19. A net'hod according to Caim 14, wherein, during said
step (f), -the second .curable resin is subjected to the m cr owave
frequenci‘es of the second wi ndoew sequentially. 5 20. A net hod
according to Caim14, wherei-n the first el ectroni c conponent is

shiel ded fromthe second wi ndow of “hi &ronave frequencies during said
step (f). 106. A ndlchod\ anstdaii mar cay dilegin oL Clwhewdid, wherisiag sded
second el ect,roni.c ne S shi el r . §r i hdow of

ni ¢t owave Sftreé)qu@:r?c’i %&edﬁﬁirg;sgansﬁrc# szteeg:l e%cj)q{edj'J M}é&éd 2“2%%%9t hod -

accor di ngnicravave xeatrarsias aif Wwstfisrs weindwyy st ikl ¥ubstrate is
shielded fromthe first w ndow of m crowave frequencies during said
step (c). 23. A nmethod  according to Caim114, wherein at | east
one 5 portidn of AmeAtiaME NG He PR TomIRFSR dHd MWFdRlo P 20
ni cr owave prequeN e HiUrdukstsaite SterHifdlded from the RérstA winidwd dHr
assenblin ,electronhf %ﬁggfnents said . thog)conprising the steps of:
(a) appl yi%Hﬁré’w@tYrea & %%\ﬂ%%ﬁ@s’i%ésr%erpop fties 25 to at |east
one of a substrate and a conponent; (b) mounting the substrate on
t he conponent i t] | afi if:h the P35 d

(c) subjecting 8'?'he c?‘ur"ge%]rigoaé:rea{s#{%@ ftch;'Sc}[’fa%r?nn o'wvg#gf@if?ngﬁo%arv%@
freqaénci esredleumesire ify rastthaymasiet trigid pr thermoplastic resin.

9. - A method according to Claim 8, wherein the

thermosetting resin is an epoxy.

15 : 10. A method according to Claim 2, wherein the second

curable resin is a thermosetting or thermoplastic resin.

11. A method according to Claim 10, wherein the
thermosetting resin is an epoxy.
" 20

12. A method according to Claim 1, wherein the first
curable resin is a conductive or non-conductive resin.
13. A method according to Claim 2, wherein the second
25 curable resin is a conductive or non-conductive resin.

14. A method according to Claim 1, further comprising

the steps of:

il AMENDED SHEE
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-22- - : 25.--A met hod accordl ng . to Oaim24, wherein, during
said step (c), the curable Fesin |s 'subjected to ~° the mcrowave
frequéncies of the first: wi ndow: - simil taneously. =~ 5 26. A

met hod according to C aim24, wherein, =20-duri ng said step (c), the
curabl e resin i(gl)sukjppdided @ seconde cureblwn e direquancieadiedife fir st

w ndow ntlaII t.h ccordln to Cdaim
24, wher ePﬁ%§% S‘ 5§/ ag'néL alosr":t Nl 8ff éusbu éf{‘ra'r%‘a gﬂ}d;‘ SHS od%d from

tzge L;rstﬁ\hsndmwmfc momp@wmlé ;f requenci es during said step (c)

met hod a rqi (e} l.m 5 ca rr@:@ﬁ%e Hd on of the
conmponent is Sﬁ%& g'loglglft fglet ﬁ%épn\rggt%l\%ldr% onl ‘ed rowa e uenC| es
during sasgbstragpeﬁn(@pntactlng relation ggthA ﬁgﬁ qgg i ng

el ectroni gegin;CamEonents on a substrate, said system conprising:

means for appl y| ng a fi.rst curagﬁ reS| dheS|ve pr o les to

The subst r ate: (£79 Bubyettifig e seaprit, GHramy o 2 RS
window of microwave frequencies to cure the second curable

10 resin.

15. A method according to Claim 14, wherein said steps

(a), (b), (d), and (e) are performed simultaneously.

15 16. A method according to Claim 14, wherein, during said
step (c¢), the first curable resin is subjected to the

microwave frequencies of the first window simultaneously.

17. A method according to Claim 14, wherein, during said

step (c), the first curable resin is subjected to the

[38)
(&)

microwave frequencies of the first window sequentially.
18. A method according to Claim 14, wherein, during said

step (f), the second curable resin is subjected to the

25 microwave frequencies of the second window simultaneously.

AENDED SHEES,
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-conporiént “on the substrate in contacting relation with the first

curahle fesin, and - -- - . ...means for subjecting the first curable
L resin- 25 to a first MnndOM/of n1cromave frequencies to cure the first
'curable resin. - "30. A system according to Claim29, further
conpri si ng: means for appﬁﬁlng a second curable resin 30

havi ng adhesi ve9pr openétrsdt actbedsnygstoaCkaim 14, whe¥®Oifl{/ Qdr2hg said

PCT/ US96/ 11040 -23c .. nmeans for
mount i ng B SRcbhll eFBR: FERPRA curable resin 1 t%gbguﬁs?QaF8 FR®cont act i ng

.telation mu¢rpwavetﬁeeqeeuﬂuesuoébthereechdawdndow sequentialhgans for
" subjegting the second curable resin 5 to a second w ndow of m crowave

frequencies to cure the second curabl e_resin. 31. A
syst em accor di 3§- t ACr@Fhed0aceardheg to CEaspriséi nghavaas £Be Shrerdi ng

the firsterd@EtdRik Ccompoh@APONENsh]sDARENErsRCORE ¥EBEAW Rinaber epave 10

frequenci e
g mférowave frequencies during said step (£f).

10 21. A method according to Claim 14, wherein the second
electronic component is shielded from the first window of

microwave frequencies during said step (c).

22. A method according to Claim 14, wherein at least one
15 portion of the substrate is shielded from the first window of

microwave frequencies during said step (c).

23. A method according to Claim 14, wherein at least one
portion of the substrate is shielded from the second window of

20 microwave frequencies during said step (f).

24. A method for assembling electronic components, said
method comprising the steps of:
(a) applying a curable resin having adhesive properties
25 to at least one of a substrate and a component;
(b) mounting the substrate on the component in
contacting relation with the curable resin; and
(c) subjecting the curable resin to a first window of

microwave frequencies to cure the first curable resin.

SUBSTITUTE PAGE :
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32. A sygém according to Caim30, further conpri si ng neans foqu%q' b
shi el ding the second el ectronic conponent fromthe first w ndow dmﬁw[’l!,
m cr owave frequenci es. 15 33. A systemaccording to Caim
30, further conprising nmeans for shielding at | east one por ,;L;-M of

t he subst

34. A system accoPBCWl to d ai WersD! OREANEATIONg neans

=L ﬂr«
(Uvi

ratefromtheflrst wi ndow of mcrovvave frequenci €

Shi el ding_ 2ty 65t 08, RBHE R pusras m@wﬂs&m&w&%

of mcro

Claim30

25 ?re t he SI05K 3/30, HOSB 6/80 Al
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